Prespore and prestalk cells can be distinguished within aggregates of Dictyostelium by the expression of well-characterized cell type-specific genes. Fusion of the tagB regulatory region to Escherichia coli b-galactosidase revealed that this prestalkspecific gene marks the differentiation of the initial prestalk cell population, PST-1. The reporter gene was expressed normally in tagB 0 mutant cells despite the fact that they do not accumulate measurable levels of DIF-1, a morphogen that was previously implicated in prestalk differentiation. In an independent experimental system, wild-type cells respond to the addition of DIF-1 by induction of the prestalk marker ecmA and repression of the prespore marker cotB. We found that DIF-1 did not affect the expression of the tagB or carB genes, both of which are prestalk specific and essential for PST-A cell differentiation. We conclude that the initiation of prestalk development is not dependent on DIF-1 and suggest that the morphogen participates mainly at later stages. ᭧ 1996 Academic Press, Inc.
INTRODUCTION
before tip formation. These mutant cells also fail to form PST-O cells that are characterized by expression of the pstO: : lacZ reporter construct and by their position immeDictyostelium cells can be induced to differentiate into diately behind PST-A cells (Early et al., 1993) . However, vacuolated stalk cells in monolayers by addition of DIF-1, the block to PST-O differentiation in tagB 0 strains can be a chlorinated alkylphenone that accumulates during late overcome by developing them in mixed aggregates with stages of development (Brookman et al., 1987; Morris et al., wild-type cells that are able to differentiate as PST-A cells 1987; Berks and Kay, 1990) . Various experimental regimes (Shaulsky et al., 1995) . Mutant tagB 0 cells fail to accumuhave shown that DIF-1 can increase prestalk-specific gene late measurable levels of active DIF-1, but they can diverge expression (Jermyn et al., 1989; Berks and Kay, 1990) , reduce into prestalk and prespore cells as recognized by expression prespore-specific gene expression (Jermyn et al., 1989; Fos- of the prestalk gene ecmA and the prespore gene cotB naugh and Loomis, 1991) , and even alter the proportion (Shaulsky et al., 1995) . These results brought into question between the two cell types in migrating slugs (Kay et al., the role of DIF-1 in cell type divergence. 1988). It was therefore proposed that DIF-1 is involved in
We fused the tagB regulatory region to Escherichia coli the initial divergence of prespore and prestalk cells in Dictyb-galactosidase so as to be able to recognize individual cells ostelium (Williams, 1991; Kay et al., 1988) .
that are expressing the gene as well as quantify the level Using REMI-mutagenesis we have isolated a prestalk-speof gene expression throughout development. In agreement cific gene, tagB, that is essential for stalk cell differentiation with our analyses of RNA isolated from either prespore or (Shaulsky et al., 1995) . Although tagB 0 mutant strains are prestalk cells (Shaulsky et al., 1995) , we found that the able to form the initial prestalk cell type, PST-I cells, they tagB: : lacZ reporter construct is expressed only in prestalk do not differentiate into PST-A cells. In wild-type strains, cells that take up positions at the anterior of slugs in wild-PST-A cells form the tips on mounds and subsequently entype strains. Moreover, we used cells carrying the ter the stalk tube during fruiting body formation (Jermyn tagB: : lacZ construct to show that expression of this reet al., 1989) . Consequently, when developed as pure populaporter construct is independent of DIF-1. This finding was tions, tagB 0 mutants are blocked at the tight aggregate stage extended to carB, which is another prestalk-specific gene (Saxe et al., 1993) , further demonstrating that DIF-1 is not essential for the initial divergence of prestalk cells.
METHODS
hydrolyzed to facilitate entry into cells. Hybridization conditions were as described (Escalante and Loomis, 1995) ex-
Molecular Cloning of tagB: :lacZ
cept that the hybridization and wash temperatures were An EcoRI-ClaI fragment of genomic DNA was cloned by 50ЊC and the final wash was carried out in 0.11 SCC. screening of a size-selected genomic DNA sublibrary with a probe from the 5 coding sequence of tagB and with a probe from the 3 coding sequence of tagC (Shaulsky et al., 1995) . The 1.8-kb fragment consists of the complete intergenic region 5 of the tagB coding region and the 3
RESULTS

Congruity of Reporter Gene Expression with
coding region of the upstream gene tagC. PCR primers were Endogenous tagB mRNA used to amplify a 1.6-kb DNA fragment that consisted of the complete intergenic region, followed by 39 bp coding
The 5 untranslated region of tagB was cloned from a for the first 13 amino acids of TagB (Shaulsky et al., 1995) genomic DNA fragment previously shown to complement and additional 5 amino acids (LWIPG) coded by an adapter the loss of TagB in a tagB 0 mutant and therefore known sequence that provided a BamHI site for the subsequent to include all the necessary elements for tagB expression cloning step. The PCR product was cloned into the BamHI (Shaulsky et al., 1995) . The complete intergenic region besite in the pDdGal-16 plasmid (Harwood and Drury, 1990 (Sussman, 1987) . Both tagB: : lacZ transformants to that observed following in situ cell lines were transformed with ptagB : : lacZ and the re-RNA hybridization of wild-type cells with a tagB-specific sulting cell lines were grown in HL5 medium supplemented probe. The results indicate that the X-gal staining pattern with 5 mg/ml Geneticin. Transformation, G418 selection, of tagB : :lacZ transformants (Fig. 1b) provides a faithful repand development on filters were performed as described resentation of the tagB mRNA accumulation in wild-type (Shaulsky and Loomis, 1993) . cells (Fig. 1a) . In both cases, tagB was expressed in the PST-A region as well as in the PST-O region of the elongating finger, consistent with our previous observation that tagB Staining, Enzyme Activity, and Analysis of RNA mRNA was specifically expressed in prestalk cells (Shaulsky and Loomis, 1995) . X-gal staining of filter-developed cells was performed as before (Insall et al., 1994) . To determine the response to cAMP and DIF-1, cells were developed on filters for 12 hr,
Cell Type Specificity of tagB Expression
harvested into 20 mM potassium phosphate buffer, pH 6.2, with 0.1 mM EDTA, triturated 10 times through an 18-The temporal pattern of tagB: : lacZ expression was obguage 1 1 2 syringe needle, washed in 20 mM potassium phosserved at various time points during development ( Fig. 2 ). phate buffer, pH 6.2, resuspended at 3 1 10 6 cells/ml in 20 Positively stained cells first appeared as individuals dismM potassium phosphate buffer, pH 6.2, with 0.2 mM persed throughout the loose aggregates that formed after 10 CaCl2 , and shaken at 200 rpm at 22ЊC. DIF-1 (50 nM ) and hr of development ( Fig. 2a) . At the finger stage, after 16 hr cAMP (20 mM ) were added hourly. Samples were collected of development, staining was observed at the tip (PST-A every 2 hr, RNA was prepared and analyzed on Northern region) and throughout the adjacent anterior region (PSTblots (Shaulsky and Loomis, 1993) , and b-galactosidase was O) (Fig. 2b) . During culmination, after 20 hr of development, assayed as described (Fosnaugh and Loomis, 1993) . The stained cells were found in the elongating stalk tube and in probe for carB was a 1.3-kb EcoRI -XhoI cDNA fragment, a the upper cup ( Fig. 2c ) and as fruiting bodies were formed kind gift from Dr. C. Saxe (Emory University, Atlanta, GA).
after 24 hr of development, stained cells were observed in the stalk as well as in the upper cup and in the lower cup, but not in the basal disk (Fig. 2d) . The blue cells inside the
In Situ Hybridization
stalk (Fig. 2e) had the characteristic vacuoles of stalk cells (Loomis, 1975) . No staining of spores was observed. The Cells were developed on filters for 14 hr and fixed for hybridization as described (Escalante and Loomis, 1995) . data in Fig. 2 support the notion that tagB expression is specific to prestalk and to stalk cells. Note that in the early Digoxigenin-labeled riboprobe RNA was made from plasmid ptagB1.2A, which consists of the 1.2-kb BamHI -Bgl II stage fingers (Fig. 1 ) strong tagB staining extended further into the posterior region than in the late stage fingers (Fig. fragment from tagB (Shaulsky et al., 1995) cloned into the BamHI site of pGEM3 (Promega), using the DIG RNA label-2). This finding implies that tagB is initially expressed both ate into the more specialized prestalk cell types (Shaulsky et al., 1995) . In order to examine whether tagB was expressed in PST-I cells, we transformed the tagB : :lacZ reporter gene into mutant tagB 0 cells and followed their development. Figure 3a demonstrates that tagB 0 cells express the tagB: : lacZ reporter gene in a population of cells that sorted to the top of the mound, supporting the conclusion that tagB is expressed in PST-I cells.
We have previously shown that when mixed with wildtype cells, tagB 0 mutant cells could develop as PST-O cells but not as PST-A cells (Shaulsky et al., 1995) . The data in Figs. 1 and 2 already showed that tagB is expressed in the PST-O region, but to further substantiate this point we mixed mutant tagB 0 tagB :: lacZ cells with unmarked wildtype cells and allowed them to develop together before staining with X-gal. Stained cells were found in the PST-O regions of the finger stage structures (Fig. 3b) and in the PST-O part of the upper cup in the mature fruiting bodies (Fig. 3c ), but were absent from the PST-A zone and from the lower cup. This finding is consistent with the pattern of prestalk cell distribution of tagB 0 mutants (Shaulsky et al., 1995) . The data presented in Figs. 1, 2, and 3 indicate that tagB is expressed in each of the prestalk cell types: PST-I, PST-A, and PST-O. ued to accumulate thereafter in both genetic backgrounds. In the mutant tagB 0 cells, accumulation of b-galactosidase was reduced to about half the level seen in the wild-type background (Fig. 4) . Mixing of lacZ marked mutant cells with unlabeled wild type cells restored the activity back to in the PST-A and in PST-O regions and later it is more localized to the PST-A region. To address that question we the wild type levels (Figure 4) . The specific activities observed in tagB: : lacZ cells are about 25-fold lower than the examined the pattern of tagB expression in a tagB 0 mutant. Prestalk development in Dictyostelium begins with difrespective activities of b-galactosidase driven by the ecmA promoter, consistently with the ratios of mRNA levels obferentiation of PST-I cells, a cell type that precedes the more specialized PST-A and PST-O cells (Shaulsky et al., 1995) . served on Northern blots (Shaulsky et al., 1995) . These results support the notion that the tagB: : lacZ fusion gene PST-A cells are defined as the prestalk population that is found at the most anterior part of the finger stage and that faithfully represents the endogenous tagB expression. Using a standard bioassay for DIF-1 we have previously will eventually give rise to the stalk. The data in Figs. 1 and 2 show that tagB is expressed in those cells. Mutant shown that DIF-1 does not accumulate to measurable levels in tagB 0 cells (Shaulsky et al., 1995) . DIF-1 synthesis has tagB 0 cells can develop as PST-I cells, but fail to differenti- by b-galactosidase activity (Fig. 5a ) and for expression of cell type-specific markers by Northern blots (Fig. 5b) . Increased levels of b-galactosidase activity were observed whenever cAMP was added to the shaking cell suspension, whereas DIF-1 had little or no effect on tagB: : lacZ expression (Fig.  5a ). The expression of other cell type-specific markers was as previously reported (Berks and Kay, 1990; Fosnaugh and Loomis, 1991) : expression of the prespore gene cotB was induced by cAMP and repressed by DIF-1 and the expression of the prestalk-specific ecmA gene was induced by DIF-1 in the presence of cAMP (Fig. 5b) . The finding that DIF-1 was not necessary for tagB expression is not consistent with the assumption that DIF-1 is required for prestalk cell divergence. In order to extend this observation we examined the effect of DIF-1 on the expression of another prestalk-specific gene, carB (Saxe et al., 1993) . As shown in Fig. 5b , carB expression was not affected by addition of DIF-1 to cells in suspension. been observed recently in tagB 0 cells by using a sensitive radiolabel assay (Kay, personal communication). However, DIF-1 appears to be rapidly metabolized to DIF-3 as in wildtype cells at the mound stage. Therefore, expression of tagB: : lacZ in a tagB 0 mutant background at a rate only slightly reduced from that in a wild-type background (Fig.  4) raised the possibility that induction of tagB expression is not dependent on DIF-1. To further examine the relationship between DIF-1 and tagB expression we used an independent assay system that does not rely on the tagB 0 mutation.
Quantitation of tagB Expression during Development
FIG. 5. Effects of extracellular morphogenic signals on tagB ::lacZ
DIF-1 Independence in Dissaggregated Cells
expression. Wild-type tagB ::lacZ transformants were developed on filters for 12 hr, collected, disaggregated, and resuspended in buffer.
When wild-type cells are dissaggregated and suspended in Cells were shaken in suspension with supplements as indicated and buffer, prestalk differentiation and ecmA expression can be samples were collected 2 and 4 hr later (14 and 16 hr, respectively).
induced by the addition of cAMP and DIF-1 (Berks and Kay, Control samples were collected from cells that continued to de-1990; Shaulsky et al., 1995) . We therefore tested the effect intervals, divided in two, and assayed for tagB expression lacZ reporter construct faithfully represents the distribu-PST-O cells from PST-I cells requires the expression of both tagB and carB. The factors that determine the initial divertion of the native tagB mRNA. Like the endogenous tagB mRNA (Shaulsky et al., 1995) , the tagB :: lacZ reporter congence of prespore cells from prestalk cells are still unknown, although it is clear that cAMP is essential. Eliminating DIFstruct (Fig. 5) is expressed in prestalk cells as early as 10 hr after the initiation of development, several hours before 1 from the list of possible factors and adding tagB and carB to the list of early prestalk markers may help to understand ecmA is expressed. Regions that express the tagB reporter construct overlap with regions that consist of the previously the initial step of prestalk differentiation. The second step, maintenance of the prestalk differentiated stage, is sugcharacterized prestalk cells, PST-I, PST-A, and PST-O, but not with the posterior region that consists of anterior-like gested to depend on DIF-1. This step is defined by the requirement for DIF-1 for sustained expression of ecmA and cells and prespore cells. In the mature fruiting bodies, tagB: : lacZ marked the vacuolized cells within the stalk ecmB in liquid suspension. tube and the cells of the upper and lower cups but not those in the basal disk. Thus, tagB can serve as a useful marker for the initial divergence of prestalk cells from pre-ACKNOWLEDGMENTS spore cells.
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